Background: This study aimed to identify the risk factors related in recurrence with isolated intraabdominal lymph node metastasis in patients with colorectal cancer. Methods: This is a retrospective, cross-sectional study of 21 colorectal cancer patients with isolated intraabdominal lymph node metastases. Preoperative demographic and laboratory/postoperative histological features of these patients were been analyzed. Results: Lymphovascular and perineural invasion and mutant-type K-ras status were more common in the study patients. In addition, a significant correlation was been detected between lymphovascular and perineural invasion, preoperative serum CEA level, preoperative thrombocyte count, mutant-type K-ras status, and pathological N3 disease. Mutant-type K-ras status and the presence of lymphovascular invasion were independent prognostic risk factors for isolated intra-abdominal lymph node metastasis. Conclusions: The presence of lymphovascular invasion and mutant-type K-ras status may be poor prognostic risk factors for isolated intra-abdominal lymph node metastasis in patients with colorectal cancer. However, studies involving larger patient series, molecular indicators, and cohorts with metastasis in other areas are been needed to verify this study.
Introduction
Intra-abdominal lymph nodes are been usually dissected during curative surgery of primary colorectal cancer. It was been reported that para-aortic lymph node metastasis synchronous with primary tumor was present in 2.1% of patients with sigmoid colon cancer and in 1.9% of patients with rectal cancer. 1e3 Metachronous metastases of intra-abdominal lymph nodes, including para-aortic nodes, are been usually seen in colorectal cancer patients with widespread metastasis, together with the involvement of lungs, liver, and peritoneum. 2 However, recurrence with isolated intraabdominal lymph node is rather rare, and the therapeutic approach to these patients is still unclear. 4 Min et al 3 reported that only 1.3% of 2916 candidates for curative surgery in colorectal cancer had isolated para-aortic lymph node metastasis. The prognosis of patients with colorectal cancer in whom recurrence occurs with isolated para-aortic lymph node metastasis is very poor. 2, 3 In these patients, 1-year survival without any treatment is 31%, whereas 2-and 4-year survival rates are 7.9% and 0.9% respectively. 3 Although previous studies have focused on surgical treatment features of these patients, current prognostic risk factors for recurrence with isolated intra-abdominal lymph node metastasis is not clear. In this study, we aimed to identify possible risk factors related in recurrence with isolated intra-abdominal lymph node metastasis in patients with colorectal cancer.
Patients and methods

Study design
This was a cross-sectional study involving 704 patients with histologically proven colorectal cancer between 2007 and 2014. Data in the files of these patients were been analyzed retrospectively. Among the patients, those with positron-emission-tomographycomputed-tomography-proven (PET-CT-proven) isolated intraabdominal lymph node metastasis were been selected as the study population. However, any a SUVmax value was not determined in the decision due to lack of accepted any knowledge on SUVmax in recurrence with isolated intraabdominal lymph node metastasis in the English literature. Additionally, histopathological confirmation for enlarged intraabdominal lymph node did not do because of surgical or interventional problems. Consequently, only 21 patients with isolated intra-abdominal lymph node recurrence were included in the study for statistical analysis.
Study variables
Baseline demographic features (age, gender); laboratory values (hemoglobin level, hematocrit value, leukocyte, neutrophils, and thrombocyte counts, and serum carcinoembryonic antigen and carbohydrate antigen 19.9 levels); postoperative histopathological characteristics (tumor grade, lymphovascular invasion, pT stage, tumor size, nodal status, perineural invasion, stage, K-ras status, and options for adjuvant treatment) of patients were recorded.
Exclusion criteria were as follows: metastasis other than intraabdominal lymph node recurrence, receipt of neo-adjuvant treatment options (chemotherapy, radiotherapy, or chemo-radiotherapy), history of hematological malignancy, presence of a second primary solid organ malignancy, or missing file data.
Laboratory variables were as follows: hemoglobin (Hb g/dL), hematocrit (HCT %), leukocyte count (10^3/), neutrophils count (K/ mL), thrombocyte count (10^3), carcinoembryonic antigen (CEA ng/mL), and carbohydrate antigen 19.9 (CA 19.9 U/mL). The Abbott Aeroset ® system and ABX Pentra 120 DX ® Hematology Analyzer (ABX Diagnostics, France) were been used for the measurements.
Ethics
The study protocol was been confirmed by the local ethical guidelines; the study commenced following approval of the Administrative Committee.
Statistical analysis
The data are been expressed as mean ± standard deviation or median and interquartile range (25e75%). The distribution of variables was been analyzed with the KolmogoroveSmirnov test. Quantitative variables with normal distribution were been analyzed with a two-tailed, independent Student's t-test. Nonparametric variables were been analyzed with the ManneWhitney U test, and the qualitative parameters were analyzed with the Chi-square and Fisher's tests. A receiver operating characteristic (ROC) curve was been performed to estimate the optimal cut-off values of preoperative CEA and CA 19.9 levels and the SUVmax level of intra-abdominal lymph node metastases measured by PET/CT. Progression-free and overall survival rates were estimated by the KaplaneMeier method. The variables with P < 0.05 by univariate analysis were subjected to multivariate logistic regression analysis. In additionally, Cox's proportional hazards models analyzed multivariate analysis of patient time to death. A two-tailed result considered statistically significant P < 0.05.
Results
Recurrence with isolated intra-abdominal lymph node metastasis was diagnosed in 2.98% (n ¼ 21) of 704 patients with colorectal cancer. The baseline demographic, clinical, and histopathological features of all patients are been presented in Table 1 and correlation analysis is been shown in Table 2 .
The majority of patients (n ¼ 17, 81%) had grade-2 tumor (n ¼ 9, 43%), adenocarcinoma histology (n ¼ 19, 91%), lymphovascular invasion (n ¼ 16, 76%), perineural invasion (n ¼ 17, 82%), pT3 (n ¼ 11, 53%), mutant-type K-ras (n ¼ 13, 62%), and pN3 disease (n ¼ 7, 33%).
During the analysis, 74% (n ¼ 16) of patients died. The mean disease-free survival time (time to isolated lymph node metastasis) was 29 ± 14 months (range 13e54), progression-free survival was 11 ± 3 months (range 8e17), and overall survival time was 32 ± 16 months (range 14e57).
For the cut-off preoperative serum CEA level of 24 ng/mL, positive predictive value was 82% and negative predictive value was 86%. In addition, the sensitivity, accuracy, and specificity of the cutoff levels were 86%, 91%, and 84%, respectively.
The mean SUVmax value of the PET/CT-proven metastatic lymph nodes was 6.9 (range 4.2e11.2). There was a significant correlation between the SUVmax values of metastatic lymph nodes and preoperative CEA levels (r ¼ 0.415, P ¼ 0.034), lymphovascular invasion (r ¼ 0.528, P ¼ 0.041), perineural invasion (r ¼ 0.503, P ¼ 0.039), mutant K-ras status (r ¼ 0.458, P ¼ 0.045), and pathological N3 disease (r ¼ 0.615, P ¼ 0.038). Similarly, for the SUVmax cut-off value of 6.9, overall survival times of patients with SUVmax values >6.9 were significantly shorter when compared to patients with values <6.9 (19 ± 11 and 31 ± 18 months respectively; P ¼ 0.032). In addition, survival times without progression were significantly shorter in patients with SUVmax values above compared to patients with those below the cut-off (17 ± 9 and 29 ± 14 months respectively; P ¼ 0.043). The most common sites for new progression in patients with SUVmax values >6.9 were the peritoneum (n ¼ 11, 52%) and extra-abdominal distant lymph nodes (n ¼ 9, 43%).
The independent prognostic risk factors for isolated intraabdominal lymph node metastasis identified in the univariate analysis were the nodal status, pathological T4, presence of lymphovascular and perineural invasion, preoperative CEA, CA 19.9 levels, K-ras status, and preoperative thrombocyte count were ( Table 3 ). The multivariate analysis showed that mutant-type K-ras status and presence of lymphovascular invasion were independent risk factors for isolated intra-abdominal lymph node metastasis (Table 3 ).
Discussion
Although the treatment of colorectal cancer patients with isolated intra-abdominal lymph node metastasis is controversial, some current studies suggest that the main treatment should be surgical excision in cases where the metastatic para-aortic lymph node is localized and resectable (as in isolated liver and lung metastasis).
2e4 Considering 5-year survival rates of 30e40% after resection of liver metastasis and 48% after lung metastasis (although it is rare), second-look surgery may be preferred for selected cases with isolated intra-abdominal lymph node metastasis. 5, 6 A study by Min et al 3 reported a median survival time of 34 months in colorectal cancer patients with isolated para-aortic lymph node metastasis who underwent resection after recurrence; whereas survival time was 13 months for patients who had concurrent or sequential chemotherapy together with 32.4e50.4 Gy radiation therapy or only systemic chemotherapy (P ¼ 0.034). Similarly, a study by Choi et al 7 reported that median survival after lymph node dissection was 64 months (range 17e111) in colorectal cancer patients recurred with isolated para-aortic lymph node metastasis; whereas it was 33 months (range 24e42) in patients with no lymphadenectomy. Another study showed a 5-year survival rate of 53.4% for 24 patients who underwent paraaortic lymph node dissection and 12.0% for 53 patients without resection.
3e7
However, since it is known that these patients have serious morbidity and mortality risks due to aggressive disease, bad prognosis, and involvement near the aorta, surgery may not be considered a standard treatment modality. 4, 8 For this reason, the identification, complete evaluation, and individual planning of suitable treatment modalities are important. Data in the literature shows that apart from resection surgery, stereotactic radiotherapy for selected cases may be another treatment choice.
2,7 Kim et al 2 analyzed 1-and 3-year survival rates of three fractions of 36e51 Gy stereotactic radiation therapy in rectal cancer patients who recurred with isolated para-aortic lymph node metastasis and found 100% and 71.4% survival rates respectively. Kim et al 2 calculated the mean survival time of these patients at 37
months. It was been even declared that salvage lymphadenectomy following neo-adjuvant chemotherapy might be a new therapeutic option. In all of our patients recurred with isolated intra-abdominal lymph node metastasis, systemic therapy was the preferred treatment. The reasons for this were unsuitability of most of the patients for surgical resection due to number of metastatic lymph nodes, proximity to aorta, age, presence of co-morbidities, and insufficiency of second-look surgery as a standard treatment modality. However, when we compared the survival times of our patients with the literature cases who had undergone surgical resection, we found that the mean survival times of our cases were been shorter compared to the patients who underwent surgery. 3e8 We believe our survival times are similar to that of colorectal cancer patients presented in the literature, who recurred with isolated lymph node metastasis and were been treated with systemic chemotherapy and targeting molecular agents. The response rates and prognostic features of these patients were been not considered, as our study aimed to identify risk factors. It is unclear which treatment regimen should be used for cases recurred with isolated intra-abdominal lymph node metastasis. 9,10 However, we suggest that, as a general principle, treatment regimen can been planned according to age, co-morbidities, performance, and K-ras status of the patient. Fuji et al 9 also presented an older patient with rectum cancer in whom complete response was been achieved with oral tegafur/uracil treatment. Tsuchiya et al 10 reported a similar case of a 66-year old colon cancer patient, declaring that complete response was been achieved with uracil/tegafur plus leucovorin treatment. It was been also shown some risk factors on poor prognosis including stage, nodal metastasis, lymphovascular invasion, perineural invasion, and histological type. In addition, preoperative CEA level was closely related to distant metastasis. 11e13 Nodal status is been accepted as one of the most important prognostic features, and a relationship between lymphovascular invasion and nodal stage was shown. 11 Unlike local lymph node metastasis, the mechanism of distant lymph node metastasis and factors affecting it are unclear. 11, 12 Our study showed that lymphovascular invasion was an important independent risk factor for recurrence with isolated intra-abdominal lymph node metastasis. However, the effect of nodal status on these patients at the time of diagnosis could not be determined in the multivariate analysis. The K-ras gene mutation is been detected in about 30% of patients with colorectal cancer. Some authors suggest the mutation in colorectal cancer is been related to multiple liver and lung metastasis and shows bad prognostic features.
13e18 However, the relationship between K-ras status of primary tumor and stage at the time of diagnosis is unclear. 16, 17 In our study, we detected K-ras mutation in 62% of 21 colorectal cancer patients who recurred with isolated intra-abdominal lymph node metastasis. We revealed that mutant-type K-ras status is an important risk factor for recurrence with isolated intra-abdominal lymph node metastasis. Since this study was retrospective, it included some patients with unknown K-ras status, and N-ras status was been not examined; therefore, this result is hypothetical.
The most important limitations of our study were relatively low number of patients, undetermined effects on prognosis, unknown K-ras status of some patients, and absence of predictive biomarkers.
In this retrospective cross-sectional study, 21 colorectal cancer patients with isolated intra-abdominal lymph node metastasis were been evaluated for clinical and histopathological characteristics. In the analysis, mutant-type K-ras status and presence of lymphovascular invasion were been identified as risk factors for isolated intra-abdominal lymph node metastasis. However, these results should been clarified by larger studies that include sufficient numbers of patients.
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